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ANNUAL  REPORT 


Grant  Number  DAMD17-T-4130 
PI:  Bradley  A.  Arrick,  M.D.,  Ph.D. 

Institution:  Dartmouth  College 
Reporting  Period:  10/1/96-9/30/97 

Title:  Studies  on  Human  Breast  Cancer  and  Transforming  Growth  Factor-beta  — 
Application  for  a  Career  Development  Award. 

Introduction 


This  is  a  career  development  award.  The  primary  focus  of  the  research  is  the  expression 
and  function  of  TGF-p  by  breast  cancer  cells.  The  specific  grant  objectives  derived  from 
prior  work  by  ourselves  and  others  which  have  identified  TGF-p  as  an  important 
cytokine  in  the  biology  of  breast  cancer  (Gorsch  et  al.  1992).  For  established  tumors, 
overexpression  of  TGF-p  may  result  in  increased  in  vivo  tumor  growth  and  metastatic 
spread.  The  first  objective  involves  the  analysis  of  resected  breast  cancer  specimens, 
with  the  goal  of  confirming  our  prior  work  correlating  clinical  outcome  with  TGF-p 
expression  levels  in  tumors.  The  second  objective  of  the  grant  was  to  evaluate  the 
impact  of  TGF-p  on  the  tumorigenic  and  metastatic  potential  of  human  breast  cancer  cell 
lines  in  nude  mice.  The  third  research  objective  is  the  analysis  of  the  regulation  of  TGF- 
P  expression  in  breast  cancer  cells.  This  primarily  deals  with  identification  of  the 
promoter  elements  responsible  for  the  function  of  a  breast  cancer-specific  TGF-p3 
promoter  (Arrick  et  al.  1994). 


Body  of  Report 

Objective  #1 

This  objective  entailed  the  analysis  of  TGF-pi  expression  in  human  breast  cancers  by 
immunohistochemistry  of  resected  specimens,  and  correlation  of  expression  with 
clinical  outcome.  This  is  a  follow-up  of  an  earlier  published  study  from  our  lab  in 
which  a  very  heterogeneous  group  of  patient  specimens  were  studied  (heterogeneous  as 
regards  tumor  stage  and  patient’s  treatments).  For  this  more  definitive  study,  we 
collaborated  with  the  Cancer  and  Leukemia  Group  B  and  studied  specimens  that  were 
obtained  from  patients  treated  on  one  of  the  cooperative  group's  adjuvant  therapy 
studies  (M.  Perloff,  et  al.  1996).  In  this  way,  the  stage  of  the  patients'  disease  (all  stage 
n),  and  the  treatments  they  received  were  far  more  homogeneous.  A  total  of  138 
specimens  were  analyzed  using  a  commercially-available  polyclonal  anti-TGF-pl 
antibody  (Promega).  Staining  intensity  of  the  tumor  cells  was  graded  as  negative, 
moderate,  or  strong  by  two  observers.  As  in  our  prior  study,  approximately  20%  of 
cases  tested  negative  for  immunoreactivity,  nearly  60%  were  scored  as  moderate  and 
the  remainder  as  strongly  positive  for  TGF-p.  All  specimens  were  scored  without  the 
observer  knowing  the  clinical  outcome.  Intensity  of  staining  was  then  correlated  with 
disease-free  status  (Fig.  1)  and  overall  survival  (Fig.  2). 
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TGFbeta:  OVERALL  SURVIVAL  (CALGB  8082) 


Figure  2 


STRATA  N  FAILURES  (%)  MEDIAN  CH I SQ  =  0.3686 

NEGATIVE  28  16  57  8.92  DF  =  2 

MODERATE  81  49  60  10.15  P  =  0.8317 

STRONG  29  18  62  8.83 

TOTAL  138  83  60 


Interpretation  of  results 

Figure  1  is  the  Kaplan/Meyer  plot  of  disease-free  survival,  and  figure  2  is  for  overall 
survival.  The  three  staining  intensity  groups  are  shown  separately.  There  was  no 
statistically  significant  difference  between  the  groups.  Patients  whose  specimens 
showed  no  reactivity  for  TGF-p  and  patients  whose  specimens  showed  strong 
immimoreactivity  had  virtually  identical  rates  of  disease  recurrence  and  survival. 
There  was  a  slight  but  insignificant  difference  when  these  patients  were  compared  to 
those  whose  specimens  stained  only  moderately.  This  work  negates  our  earlier  work 
which  suggested  that  there  was  indeed  an  association  between  TGF-p  expression  by 
breast  cancer  and  clinical  outcome. 


Objective  #2 

Evaluation  of  the  in  vivo  tumorigenic  capacity  of  breast  cancer  cells  with  altered 
expression  levels  of  TGF-p  or  diminished  responsiveness  to  TGF-p  is  the  goal  of  this 
objective.  For  this  we  generated  stable  transfectants  of  the  MDA-MB231  cell  line.  The 
TGF-p-overexpressing  clones  were  generated  and  characterized  in  the  first  year  of  the 
grant  (see  report  of  year  1).  In  the  second  year  of  the  grant  we  generated  the  clones 
which  are  imresponsive  to  TGF-p  by  virtue  of  stable  transfection  with  a  dominant 
negative  construct  to  the  type  II  TGF-p  receptor.  In  the  past  year  we  have  completed  the 
characterization  of  these  clones  (called  TREZ)  and  began  the  animal  experiments. 

Cells  were  injected  into  nude  mice.  Mice  were  injected  with  3  million  cells  sub¬ 
cutaneously  in  the  flank,  in  a  volume  of  0.2  ml.  Mice  were  then  followed  over  time  for 
tumor  development.  Figure  3  shows  the  tumor  growth  rates  from  mice  injected  with 
either  control-transfected  cells  (pCEN),  cells  which  overexpress  TGF-p  (C2S2),  or  the 
TGF-p-unresponsive  cells  (TREZ).  Two  independent  clones  from  each  type  of 
transfectant  were  used.  Each  curve  represents  a  different  mouse.  Tumor  incidence  was 
as  follows:  pCEN  =  6  of  6;  C2S2  =  5  of  9;  TREZ  =  2  of  9.  At  the  end  of  the  experiment, 
mice  were  dissected  and  examined  for  gross  evidence  of  metastasis  —  none  was 
observed.  Random  sections  from  the  lung  and  liver  from  each  animal  was  placed  in 
fixative,  and  will  be  examined  microscopically  for  metastasis.  We  have  also  prepared 
genomic  DNA  from  these  tissues  from  each  mouse  bearing  tumor,  and  will  in  the 
upcoming  year  determine  whether  plasmid-containing  cells  can  be  detected  by  PCR  (as 
a  more  sensitive  test  of  tumor  spread). 

A  preliminary  interpretation  of  this  mouse  experiment  is  that  overexpression  of  TGF-pl 
had  minimal  impact  on  tumorigenicity  or  tumor  growth  rate.  The  abrogation  of  the 
TGF-pl  pathway,  however,  appeared  to  diminish  the  tumor  take  of  those  cells,  but  once 
a  tumor  began  to  grow  it  did  so  at  a  faster  rate,  compared  with  the  control  cells. 
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Objective  #3 


#3A 

Amplification  of  the  TGF-pl  gene  locus  in  human  breast  cancer  tissue  was  evaluated  by 
the  method  of  differential  polymerase  chain  reaction  (PCR).  This  method  involves  the 
co-amplification  of  the  locus  in  question,  with  gene-specific  primers,  along  with  a 
reference  gene,  with  its  specific  primers,  in  the  same  reaction  tube.  Total  genomic  DNA 
is  used  as  template.  If  the  target  gene  is  present  in  greater  copy  number  than  the 
reference  gene,  its  PCR  product  will  be  generated  in  greater  amoimts  and  its 
amplification  will  suppress  the  amplification  of  the  reference  gene.  As  described  by  the 
developers  of  this  method  (Frye  et  al.  1989,  Neubauer  et  al.  1992),  the  PCR  products  are 
separated  by  electrophoresis  thru  a  polyacrylamide  gel,  and  the  relative  intensities  of 
the  bands  representing  amplification  of  target  and  reference  gene  are  quantitated, 
serving  as  a  measure  of  gene  copy  number  for  the  target  gene. 

We  have  prepared  genomic  DNA  from  paired  specimens  of  breast  cancer  and  normal 
breast  tissue  from  patients  who  have  imdergone  resection  at  our  institution.  Specimens 
were  stored  at  -70°C  until  processing,  which  consisted  of  grinding  with  morter  and 
pestle  under  liquid  nitrogen  imtil  a  powder  resulted.  This  was  then  added  to  4  ml  of 
100  mM  NaCl,  10  mM  Tris  pH8.0, 25  mM  EDTA,  0.5%  SDS,  and  0.1  mg/ml  proteinase 
K,  and  then  placed  at  50°C  for  overnight  digestion.  The  next  day  the  solution  was 
extracted  with  phenol  chloroform,  and  the  DNA  precipiated  with  ethanol,  resuspended 
in  TE  and  quantitated  by  uv  absorbtion. 

For  PCR  amplification  of  our  gene,  we  have  used  primers  for  TGF-pl  which  amplify  a 
131  bp  fragment.  For  the  reference  gene  to  be  co-amplified  in  our  competitive  PCR  we 
have  used  the  interferon-p  gene  (IFN-p),  employing  primers  which  amplify  a  119  bp 
fragment.  Specifics  of  primers,  PCR  conditions,  and  analysis  of  specimens  follows: 

Amplimers: 

TGF-p-Forward  (5'-primer):  CGG  CAG  CTG  TAG  ATT  GAC  TT  (5'  position  1739) 
TGF-p-Reverse  (3'-primer):  ACC  TTG  CTG  TAG  TGC  GTG  TC  (3'  position  1850) 
Optimal  annealing  temperature:  55.7°C 
Product  length:  131  bp 

IFN-p-Forward  (5'-primer):  GTG  TCT  CCT  CCA  AAT  TGC  TC  ( 5'  position  12) 
IFN-p-Reverse  (3'-primer):  GCC  ACA  GGA  GCT  TCT  GAC  AC  (3' position  111) 

(Ref:  Ohno  &  Taniguchi,  1982) 

PCR  conditions:  For  each  50-|j,l  PCR  reaction,  we  used  400  to  800  ng  of  genomic 
DNA  as  template.  PCR  conditions  are  as  following:  1.5  mM  MgCl2, 0.2  mM 
dNTPs ,  75  picomoles  of  each  of  the  oligonucleotide  primers  amplifying  TGF-p,  50 
picomoles  each  of  oligonucleotide  primers  amplifying  IFN-p,  and  a  standard 
GeneAmp  buffer  II  (Perkin  Elmer)  at  IX.  Reactions  were  overlayed  with  oil,  and 
PCR  cycle  conditions  as  follows:  first  96°C  for  10  min;  then  85°C  for  3  min  while 
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portion  of  reaction  d2H20  combined  with  0.5  pi  of  AmpliTaq  Polymerase  (Perkin 
Elmer)  is  added  (for  hot  start),  then  36  cycles  with  an  annealing  temperature  of 
50°C  (40  sec),  extension  temperature  of  72°C  (1  min),  melting  at  95°C  (30  sec).  For 
every  set  of  PCR  reactions,  we  include  a  no-DNA  reaction  tube  as  negative 
control.  For  each  case,  tumor  DNA  and  normal  breast  DNA  are  used  as  template 
in  parallel. 

Electrophoresis:  To  achieve  resoluton  of  the  expected  119-  and  131-bp  bands,  we 
ran  30pl  of  PCR  product  on  12%  polyacrylamide  non-denaturing  gel  at  28  mAmp 
for  3  hrs,  then  stained  with  ethidium  bromide.  The  gels  were  photographed  with 
Polaroid  1)^)0  665  positive/negative  film,  and  the  resulting  images  on  the 
negative  film  quantitated  as  below. 

Scanning  /Quantification:  Using  Silver  Scan  III,  we  scanned  in  the  images  from 
the  negative  film,  zooming  in  specifically  between  100  bp  to  200  bp.  In  each 
reaction  lane,  we  quantify  the  intensity  of  the  amplified  bands  of  119  bp  and  131 
bp  by  drawing  a  same-sized  box  around  each  band,  plus  an  empty  box  (in  the 
same  lane)  to  serve  as  a  measure  of  the  background.  The  software  IPLabGel 
(Molecular  Dynamics)  was  then  used  to  calculate  the  pixel  density  within  each 
box  (see  fig  4). 


Fig  4.  Portions  of  the  12%  polyacrylamide  gels  loaded  with  30  jil  of  the 
50-|il  amplification  reactions.  M  =  100-bp  ladder.  Lanes  1, 2  =  normal 
and  tumor  DNA  of  patient  #1,  respectively;  lanes  3, 4  =  normal  and 
tumor  DNA  of  patient  #2,  respectively;  lanes  5, 6  =  normal  and  tumor 
DNA  of  patient  #3,  respectively;  and  lanes  7, 8  =  normal  and  tumor 
DNA  of  patient  #4,  respectively.  These  are  representative  gels,  from 
which  the  band  intensities  were  quantitated  by  scanning. 
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The  calculations  for  determination  of  gene  amplification  were  as  followings: 

a=  pixel  count  of  119  bp  IFN-p-derived  band 
b=  pixel  count  of  131  bp  TGF-p-derived  band 
x=  pixel  count  of  background  within  the  same  reaction 

then,  Y  =  (b-x)/(a-x)  serves  as  a  measure  of  the  amplification  of  the  TGF-p  gene 
normalized  to  the  amplification  of  the  reference  gene  IFN-p. 

Results: 

Seventeen  paired  specimens  were  analyzed,  of  which  fifteen  yielded  PCR  products  from  which 
quantitation  was  possible.  Samples  are  labeled  #-l  for  normal  tissue  and  #-2  for  tumor  tissue 
from  the  same  patient.  The  ratio  of  Y  values  obtained  from  normal  vs  tumor  thus  represents  a 
measure  of  gene  amplification  in  the  tumor. 

Table  I  contains  the  data,  listing  the  paired  specimens,  the  calculated  Y  values,  followed  by  the 
ratio,  with  the  value  from  the  normal  tissue  adjusted  to  be  one. 

Interpretation  of  results: 

Using  a  greater-than-2-fold  amplification  cut  off  in  the  ratio  of  normal  to  tumor  DNA 
for  the  designation  of  gene  amplification,  none  of  the  15  breast  cancer  cases  from  which 
data  were  obtained  demonstrated  amplification  of  the  TGF-pl  gene.  We  can  use 
statistical  analysis  to  obtain  an  estimate  of  incidence  of  TGF-p  amplification  in  breast 
cancer.  In  general,  amplification  of  genetic  loci  which  are  of  clinical  or  biological 
significance  (and  thus  worthy  of  further  investigation)  are  evident  in  over  20%  of  cases. 

In  other  words,  amplification  which  is  found  in  less  than  20%  of  cases  is  unlikely  to  be 
an  important  feature  of  the  disease  process.  Observing  no  cases  of  amplification  after 
examination  of  15  cases  means  that  there  is  a  greater  than  95%  chance  that  less  than  20% 
of  breast  cancers  have  amplification  of  this  locus  (Zelen  1993). 

Given  that  the  underlying  hjqjothesis  that  TGF-p  expression  is  an  important 
determinant  of  outcome  has  been  negated  by  our  recent  analyses  (see  above),  there  is 
little  justification  for  proceeding  with  analysis  of  mRNA  levels  in  resected  specimens. 
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TABLE  I 


Specimen  #s  Y  value 


1-1 

.32 

1-2 

.63 

2-1 

.34 

2-2 

.51 

4-1 

1.0 

4-2 

.67 

5-1 

.80 

5-2 

.56 

6-1 

.75 

6-2 

.75 

7-1 

.78 

7-2 

.62 

8-1 

.65 

8-2 

.80 

9-1 

.68 

9-2 

.63 

11-1 

.62 

11-2 

.55 

12-1 

.75 

12-2 

.67 

13-1 

.36 

13-2 

.38 

14-1 

.81 

14-2 

.66 

15-1 

.70 

15-2 

.70 

16-1 

.73 

16-2 

.33 

17-1 

.54 

17-2 

.33 

Normal  vs  Tumor  Ratio 

1:2 

1:1.5 
1 : 0.67 

1:0.7 

1:1 

1:0.8 

1:1.2 

1:0.9 

1:0.9 

1:0.9 

1 : 1.05 
1:0.8 

1:1 

1 : 0.45 

1:0.6 
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#3B 

The  experiments  for  this  objective  relate  to  the  transfection  of  cells  with  chimeric  TGF-|33 
promoter  constructs  and  the  subsequent  utilization  of  those  cells  for  the  elucidation  of 
the  promoter  element(s)  involved  in  the  downregulation  of  this  gene  by  estrogen. 
Critical  to  this  effort  is  the  successful  creation  of  stably  transfected  estrogen  receptor¬ 
positive  cells  with  a  chimeric  promoter  construct  which  demonstrates  transcription 
initiation  at  both  promoters.  We  previously  reported  success  in  this  regard  only  with 
the  SKBR3  line  (which  does  not  contain  the  estrogen  receptor).  In  subsequent 
transfection  attempts,  we  have  been  unable  to  generate  the  required  cells  in  a  line  which 
is  estrogen-receptor  positive  (T47-.D).  Transient  transfections  of  T47-D  cells  with  the 
chloramphenicol  acetyltransferase  (C AT)-chimeric  promoter  plasmid  used  in  Figure  6 
of  the  original  proposal  (which  demostrated  promoter  activity  in  SKBR3  cells  but  not 
A673  and  HT1080  cells,  both  of  which  are  non-breast  in  origin)  were  performed. 
Unexpectedly,  the  T47-D  cells  yielded  the  same  result  as  the  HT1080  and  A673  cells  and 
did  not  show  the  promoter  activity  that  was  evident  in  the  SKBR3  cells.  This  may 
explain  our  inability  to  obtain  stable  transfectants  of  cells  with  the  neo  resistance  gene 
driven  by  this  presumptive  promoter  sequence  in  T47D  cells. 


#3C 

The  entirety  of  this  objective  is  to  understand  the  molecular  basis  by  which  breast 
cancer  cells,  unlike  all  other  cell  types  examined  by  ourselves  and  others,  utilize  two 
promoters  for  transcription  of  the  TGF-p3  gene,  one  the  previously  characterized 
promoter  and  the  other  approximately  860  nucleotides  downstream,  still  within  the  5' 
noncoding  region  of  the  gene  (Arrick  et  al,  1994). 

As  detailed  in  our  previous  reports,  we  have  in  this  year  of  the  grant  focussed  efforts  on 
the  analysis  of  CpG  methylation  at  the  TGF-p3  promoter.  Last  year  we  included  in  our 
report  data  in  which  specific  CpG  sites  contained  within  restriction  endonuclease  sites 
(enzymes  either  sensitive  to  methylation  or  not)  were  analyzed  via  southern  analysis. 

In  that  report  we  discussed  the  reasons  for  a  more  detailed  mapping  of  the  methylation 
pattern  of  all  CpGs  in  this  genomic  region,  not  just  those  few  which  are  a  part  of  such 
restriction  enzyme  recognition  sites.  The  return  to  analysis  of  DNase  hypersensitivity 
sites  has  been  postponed  until  areas  of  different  methylation  (comparing  breast  and 
nonbreast  cells)  are  identified. 

For  mapping  of  CpG  methylation,  we  have  utilized  the  bisulfite  conversion  reaction. 
This  involves  first  isolation  of  genomic  DNA  from  the  cell  lines,  followed  by  alkaline 
denaturation.  DNA  (now  single  stranded)  is  then  reacted  with  sodium  bisulfite  under 
conditions  in  which  nonmethylated  cytosines  are  converted  to  uracil  bases  but  not  so 
harsh  as  to  fully  convert  all  cytosines  (methylated  or  not).  Primers  which  would 
amplify  bisulfite-converted  DNA  are  then  used  to  amplify  sections  of  genomic  DNA, 
and  the  resulting  PCR  products  analyzed  by  sequence  analysis.  When  a  position 
known  to  contain  a  CpG  in  the  starting  DNA  is  converted  to  TpG  we  conclude  that  that 
cytosine  was  not  methylated.  In  preliminary  experiments,  we  adjusted  the  reaction 
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conditions  of  the  bisulfite  conversion  such  that  just  under  100%  of  the  unmethylated 
cytosines  were  converted.  This  is  because  more  aggressive  conditions  (time, 
temperature,  etc)  which  would  guarantee  100%  conversion  of  immethylated  cytosines 
also  resulted  in  some  conversion  of  methylated  cytosines  (as  well  as  extensive  DNA 
degradation).  Therefore,  we  have  numerically  adjusted  our  estimates  of  the 
methylation  status  at  particular  CpG  sites  by  a  factor  which  takes  into  accoimt  the 
efficiency  of  bisulfite  conversion  as  determined  by  examination  of  the  conversion  rate  of 
the  non-CpG  sites  in  the  adjacent  sequences(assuming  that  all  non-CpG  sites  are  not 
methylated). 

Method  of  bisulfite  conversion. 

Genomic  DNA  was  isolated  from  tissue  culture  cells  using  the  Puregene  DNA  Isolation 
kit  from  Gentra  Systems,  Inc.  The  T47-D  and  SK-BR3  cell  lines  serve  as  our  breast 
cancer  cells,  and  the  HT-1080  cell  line  is  our  non-breast  cancer  cell  line  (all  express  TGF- 
(33).  Each  genomic  DNA  conversion  reaction  was  done  twice,  with  samples  from  the 
above  lines  processed  in  parallel.  First,  DNA  was  digested  overnight  at  37°C  with  Bglll 
(20U  for  10  |xg  of  DNA),  followed  by  ethanol  precipitation  and  resuspension  in  water. 
Denaturation  then  followed  by  a  15  min  treatment  with  0.3  M  NaOH.  For  each  reaction, 
fresh  solutions  of  5.5  M  sodium  bisulfite  (NaHSOs)  and  110  mM  hydroquinone,  pH5, 
were  prepared  and  kept  in  the  dark  until  use.  This  solution  was  added  to  the 
DNA/NaOH  solution  (ratio  9:1),  the  mixture  overlayed  with  mineral  oil,  and  then 
incubated  at  55°C  in  the  dark  for  4  hrs.  The  DNA  was  then  desalted  (using  "Wizard 
DNA  resin"  from  Promega),  and  precipitated.  The  previously  unmodified  cytosines  at 
this  stage  are  sulfonated  uracils.  Desulfation  proceeded  by  base  treatment  (0.3  M 
NaOH,  15  min,  37°C),  followed  by  neutralization  and  precipitation.  The  resulting  DNA 
was  then  resuspended  in  50  pi  of  Tris-EDTA.  The  specific  conditions  of  this  method  is 
an  adaptation  of  published  methods  (Frommer  et  al.  1992  and  Raizis  et  al,  1995). 

PCR  amplification  of  bisulfite-converted  DNA 

The  following  criteria  was  consider  in  designing  the  primers.  (A)  Because  the  bisulfite 
conversion  changes  the  strands  so  they  are  no  longer  complementary,  the  primers  have 
to  be  be  designed  in  a  strand  specific  marmer.  (B)  Primers  were  to  be  somewhat  longer 
in  length,  i.e.  from  28-31  bases,  in  order  to  achieve  optimal  annealing  temperatures  with 
the  reduced  GC  content.  (C)  Positions  targeted  within  the  sequence  that  were  initially 
cytosines  within  a  CpH  site  would  be  assumed  to  be  converted  to  thymines,  and 
therefore  the  appropriate  base  would  be  used  (thymine  in  the  upper  primers  and 
adenine  in  the  lower  primers.  (D)  In  postions  that  were  CpG  sites  in  the  target  sequence 
an  equal  mix  of  the  appropriate  bases  (C  and  T  in  the  upper  primers,  G  and  A  in  the 
lower  primers)  would  be  used  so  that  the  site  would  still  be  targeted  regardless  of 
methylation.  (E)  CpG  sites  would  be  avoided  in  the  3'  end  of  the  primer  since  this  is  the 
most  important  region  of  primer  annealing  to  template.  We  have  used  nested  PCR,  first 
amplifying  a  2.2  kb  region  going  from  approximately  1.2  kb  upstream  of  PI  (the  5'-most 
promoter  common  to  both  breast  cancer  and  non  breast  cancer  cells)  to  approximately 
120  nucleotides  downstream  of  the  P2  transcription  initiation  site  (the  downstream 
breast  cancer  specific  promoter).  The  resulting  PCR  reaction  product  was  then  used  as 
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template  for  PCR  utilizing  the  internal  primers,  dividing  the  region  into  three 
overlapping  segments. 

For  the  first  PCR,  2  |xl  of  converted  genomic  DNA  was  added  to  38  pL  of  buffer  [lx  final 
concentration  -  200mM  Tris-HCl  pH  8.4,  SOOmM  KCl],  dNTP's  (Promega)  [2.0  mM  each 
final  concentration],  MgCl2  (Perkin  Elmer)  [2.5mM  final  concentration],  and  0.2  pM 
upper  primer  992  (see  below  for  primer  sequences).  Afterwards,  a  mineral  oil  overlay 
was  added.  For  this  PCR  reaction  a  hot  start  was  used:  the  tubes  were  first  heated  to 
90°C  for  up  to  ten  minutes  in  the  thermocycler,  then  10  pi  containing  2.5  U  Taq 
polymerase  and  0.2  pM  of  lower  primer  3155  was  added.  The  reaction  was  then  heated 
to  95°C  for  3  minutes.  Then  the  reaction  went  through  38  cycles  of  60  seconds  at  95°C, 
90  seconds  at  54°C,  and  3  minutes  at  72°C.  After  these  cycles  were  completed,  a  final 
extension  for  6  minutes  at  72°C  was  performed.  The  reaction  soaked  at  4°C  until  frozen 
in  a  -20°C  freezer.  An  aliquot  from  this  reaction  was  then  used  as  template  in  a 
subsqeunt  nested  PCR.  A  pair  of  internal  primers  were  used  to  amplify  an  upstream 
portion  (upper  primer  1091  and  lower  primer  1855),  a  midstream  portion  (upper  primer 
1678  and  lower  primer  2631),  or  a  downstream  portion  (upper  primer  2334  and  lower 
primer  3104).  25  pi  reactions  were  prepared  on  ice  containing  1  pL  of  the  initial  PCR 
reaction  diluted  1:25  by  adding  it  to  24  pi  of  buffer  [lx],  dNTP's  [2.0  mM  each],  MgCl2 
[2.5  mM],  primer  pair  [0.5  pM  each]  and  Taq  [1.25  U].  The  complete  reaction  was 
heated  to  95°C  for  3  minutes,  then  carried  through  42  cycles  of  60  seconds  at  95°C,  90 
seconds  at  54°C  and  90  seconds  at  72°C.  The  resulting  amplification  products  were 
viewed  by  electrophresis  on  a  1%  argose  (Gibco)  TBE  gel,  stained  with  ethidium 
bromide.  The  expected  product  was  subcloned  by  TA  cloning  (Promega).  Multiple 
clones  were  then  grown  up,  plasmid  DNA  containing  the  PCR  products  purified,  and 
the  PCR  products  sequenced  by  dideoxy  sequencing,  using  primers  from  the  plasmid 
backbone  itself  extending  into  the  cloned  portion. 


Primer  sequences  for  first  round  of  PCR: 

upper  "992":  ATT  CGT  AAA  AGT  GAT  TTA  TCG  TTG  TGT  T 
lower  "3155":  ACC  TCC  CCA  AAT  CCC  AAA  AAC  TAA  AAC  T 


Primer  sequences  for  nested  PCR: 

upper  "1091":  GAG  TGA  GAT  GGG  GTG  GAG  CGG  TAT  TTA  TTT 
lower  "1855":  CGT  CCG  ACC  CGA  TCT  ACT  CTC  CCT  CCT  AAT 


upper  "1678":  TTT  TGT  TAA  TGA  AGA  ATC  GGG  TTA  GGA  T 
lower  "2631":  CCA  TTC  ATA  CTT  TCT  CTT  TTA  TTT  ACA  CTT 


upper  "2334":  GGA  AGA  GGC  GTG  CGA  GAG  AAG  GAA  TAA  T 
lower  "3104":  CCA  AAA  AAC  GCT  AAC  CCT  AAA  AAC  GAA  A 
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Results  of  methylation  analyses 

Figure  5  displays  the  CpG  sites  at  this  genetic  locus,  relative  to  the  two  promoters  under 
study.  We  have  observed  no  differences  in  CpG  methylation  in  the  majority  of  sites, 
comparing  the  DNA  obtained  from  the  HT1080  cells  with  that  from  the  T47-D  and 
SKBR3  cells,  with  the  exception  of  the  most  downstream,  P2-proximal  region.  Three 
CpGs  in  close  promiximity  to  eachother,  located  about  170  bp  upstream  of  P2's 
transcription  initiation  site  (represented  as  a  thick  band  in  Fig  5  because  of  the  closeness 
of  the  sites)  were  90-100%  methylated  in  the  HT1080  cells  but  were  found  to  be  <20% 
methylated  in  the  T47D  and  SKBR3  cells.  The  actual  sequence  in  which  these  CpGs  are 
foimd  is  as  follows:  TCGCCAAGCGGCG  iTl  .  In  addition,  two  CpGs  within  50  bp  of 
the  transcription  initiation  site  of  P2  were  found  to  be  differentially  methylated,  as 
above.  These  differences  in  methylation  are  consistent  with  the  h5q)othesis  that  certain 
CpG  sites  (presumably  with  a  functional  relation  to  P2  utilization)  will  be  unmethylated 
in  the  breast  cancer  cells. 


Fig.  5 


CpG  dinucleotides: 


region  analyzed  thusfar 


P2 

INI  II  I _ I  111  III  II 


Methylated  in  non-breast  cells 


Unmethylated  in  breast  cells 


Proposed  modifications  in  Statement  of  Work  for  the  final  year  of  funding 
Having  determined  that  gene  amplification  is  not  a  feature  of  breast  cancer,  and  our 
more  recent  data  refuting  an  association  between  clinical  outcome  and  TGF-p 
immunohistochemical  intensity,  there  is  little -justification  for  pursuing  further 
investigation  into  the  mRNA  levels  of  tumors.  We  will  be  continuing  animal 
experiments  to  examine  the  effect  of  loss  of  TGF-p-responsiveness,  with  and  without 
overexpression  of  ligand. 

Clearly,  with  regard  to  our  studies  to  analyze  the  molecular  basis  of  promoter 
utilization  for  TGF-P3,  we  have  had  considerable  difficulty  keeping  pace  with  the  initial 
statement  of  work  for  this  grant  proposal.  Our  work  to  date  has  suggested  differences 
in  methylation  only  at  the  CpGs  closest  to  the  downstream  promoter.  We  intend  to 
focus  efforts  in  the  remaining  year  on  this  finding.  We  need  to  extend  our  analysis  of 
CpG  methylation  further  downstream  (at  least  a  few  hundred  bases).  This  region  will 
then  be  examined  for  DNase  hypersensitivity  sites.  We  will  also  test  the  hypothesis  that 
demethylation  of  this  region  in  the  nonbreast  cancer  cells  can  activate  the  downstream 
promoter  using  azacytidine. 
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Conclusions 


Contrary  to  our  expectations,  which  were  based  on  a  study  of  a  small  number  of  breast 
cancer  specimens  derived  from  a  heterogeneous  patient  population,  we  have  observed 
no  correlation  between  the  degree  of  TGF-pl  immunoreactivity  in  tumor  specimens  and 
the  disease-free  or  overall  survival  of  breast  cancer  patients  (stage  H,  node  positive) 
treated  on  a  clinical  study  of  adjuvant  therapy. 

It  is  a  bit  early  to  come  to  a  conclusion  regarding  the  nude  mice  experiments.  The 
suggestion  from  the  first  animal  experiment  that  overexpression  of  TGF-p  did  not 
impart  a  more  tumorigenic  phenotype,  or  alter  the  in  vivo  growth  characteristics  of  the 
cells,  is  consistent  with  our  new  data  with  human  specimens.  In  the  next  year  we  will 
confirm  this  observation,  and  test  the  metastatic  phenotype  of  the  altered  cells. 

With  regard  to  the  third  objective,  we  can  conclude  that  the  TGF-pl  genetic  locus  is  not 
amplified  in  breast  cancer.  This  observation,  along  with  that  listed  above,  suggests  that 
further  investigation  in  the  the  determinants  of  overexpression,  as  we  have  consistently 
observed  at  the  protein  level  in  at  least  20%  of  cases,  is  not  likely  to  be  of  value. 

In  our  analysis  of  the  CpG  methylation  status  at  the  TGF-p3  promoter  we  have  observed 
a  marked  difference  in  methylation  at  the  CpG  sites  in  closest  proximity  to  the 
downstream  promoter.  Specifically,  DNA  from  the  two  breast  cancer  cell  lines  (in 
which  the  downstream  promoter  is  active)  demonstrated  minimal  methylation  at  these 
CpG  sites,  whereas  DNA  from  the  non  breast  cancer  cell  line  (HT1080)  was  completely 
methylated  at  these  sites.  This  is  consistent  with,  and  may  be  the  underlying  basis  for, 
the  differential  utilization  of  the  downstream  promoter.  We  are  currently  expanding 
our  analysis  of  methylation  to  more  of  the  near-by  CpG  sites  in  the  vicinity  of  the 
downstream  promoter. 
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